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WO 2004/003998 

METHOD FOR FABRICATING CONTACTS FOR PARTS OF A COMPONENT 
INTEGRATED INTO A SEMICONDUCTOR SUBSTRATE 

The invention relates to a method for fabricating contacts for parts of a component 
integrated into a semiconductor substrate, in which 

- the semiconductor substrate is provided with an insulating layer, in which a first contact 
is to be formed by means of a first contact hole, which is filled with a contact materia], 

- the insulating layer is provided with a resin mask, in which an opening to the insulating 
layer is created for forming the first contact hole, 

- the first contact hole is etched up to the first surface to be contacted, 

- the first contact bole is filled with a contact material, and 

- a first conductor connected to the contact material is created in a conduction plane. 
Components integrated into a semiconductor substrate have regions that must be 

contacted for connecting to other components. 

As described, e.g., in DE 100 53 467 Al, the contacts are fanned by means of contact 
holes, which are filled with a conductive material. This conductive material is then connected 
again on its side to one or more conduction planes. 

If the component is a semiconductor component, e.g., a DRAM memory cell, then this 
component has a layer stack arranged on the semiconductor substrate as the gate of the cell 
transistor, comprising the gate electrode and the gate dielectric insulating the gate electrode from 
the semiconductor substrate. In addition to this layer stack, the source/drain regions lie in the 
semiconductor substrate. 

A contact to the layer stack (CG contact) operating as the gate is used for connecting to 
word lines, which are formed in later processing steps. For forming contacts to the layer stack, it 
is necessary to remove a first insulating layer, which is composed of, e.g., nitride, located on the 
layer stack in the region of the contacts. Such an insulating layer is composed of, e.g., nitride. 

Furthermore, it is necessary to contact the substrate surface in the region of the 
source/drain regions and to provide a contact at this point, which is used for connecting to a bit 
line (CB contact). A contact to other diffusion regions (CD contact) is also provided, which 
likewise contacts the substrate surface. 

As described in German Patent Application 101 27 888.8, the fabrication of the contacts 
is realized by means of a resin mask, e.g., composed of polycry stall ine silicon, which is 
structured on its side via a photolithographic mask. In this way, at first an insulating layer, e.g., 
as a TEOS layer, which is used for insulating the conductor structure subsequently constructed 
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on this layer from the semiconductor component and the conductor, one under the other, is 
deposited onto the top side of the semiconductor substrate. Then a resin mask, which already 
contains the openings for the contact holes to be formed, is deposited onto this insulating layer. 

As described in DE 100 53 467 Al , a resin mask can be realized such that the material of 
the resin mask is first deposited as a continuous layer. For structuring this resin mask layer, a 
photoresist layer is deposited onto this continuous layer, which is exposed to light such that it 
exposes the regions of the resin mask layer to be used for forming the contact holes. Then, 
through an etching process, those regions that expose the insulating layer are formed. 

Then an etching process is performed selectively to the nitride layer and opens all of the 
regions of the substrate surface not covered by a nitride layer. In this way, contact holes for the 
CB and the CD contact are formed. 

In another lithographic step, the contact holes for the CB and the CD contact are filled 
and covered with photoresist. The mask for the contact hole of the CG contact is open. Thus, 
with another etching step, the insulating layer, for example, the nitride layer, can be removed 
from the gate, Le, ? the layer stack. 

After the end of their structuring, the contact holes are provided with a liner for chemical 
separation^ and filled with conductive material, e.g., tungsten. Then the conductive material on 
the top side, the liner lying underneath, and the resin mask are removed again. This can be 
performed through either a dry etching process or a wet etching process, or through a CMP 
process (chemical-mechanical polishing process). Then other conduction planes can be 
fabricated using another resin mask- Here, there is the disadvantage that an additional etching 
step is necessary for removing the resin mask. 

The problem of the invention is to minimize the processing expense for forming contacts 
for parts of a component integrated into a semi conductor substrate. 

The problem is solved in that before the contact hole is filled with contact material, the 
following steps are performed: 

- The first contact hole is filled with an ARC material (ARC = anti-reflection coating) 
and the surface of the resin mask is provided with an ARC layer. 

- On the ARC layer, a photoresist mask with the structure of the conductor is deposited. 

- The parts of the ARC layer not covered by the photoresist mask are removed together 
with the parts of the resin mask located partial ly underneath this l ayer. 

- The parts of the insulating layer not covered by the photoresist mask are removed as 
conductor trenches up to the level of the conduction plane. 

- The ARC filling is removed in the first contact hole. 
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Then the first contact hole is filled together with the conductor trenches with contact 
material- Finally, the contact material and the resin mask are removed at least up to the surface of 
the insulating layer. 

Through this method, it is possible to use the resin mask not only for the structuring of 
the first contact hole, but also for the structurin g of the conductor. Thus, one step, which is 
required according to the state of the art, for removing the resin mask is el iminated. 

Further simplification to the processing is achieved in that the photoresist mask is 
removed together with the ARC filling. 

Another possibility for removal is to remove the photoresist mask immediately after the 
structuring of the resin mask with the structure of the conductor. 

A third possibility is to remove the photoresist mask together with or immediately before 
the resin mask. 

It is preferable that a mask made from polycrystalline silicon be used as the resin mask. 
This material can be realized in the processing with at most minimal expense. 

In a favorable configuration of the method according to the invention, the resin mask is 
structured by a diagonal etching profile. 

On one side, this diagonal etching profile can be used for the structuring of the contact 
hole. Thus, the contact hole dimensions can be reduced relative to a straight etching profile, 
because the "slope angle" of the resin mask on the side on which the resin mask contacts the 
insulating layer exhibits a line offset relative to the top edge. 

On the other hand, it is possible to use the diagonal etching profile from the same slope 
angle function for setting a minimal conductor width. Reducing the conductor width is normally 
possible only with expensive lithography or an expensive processing structure, e.g. ? by using a 
tungsten RlE conductor instead of the classical tungsten dual damascene conductor. Through the 
use of a diagonal etching profile, on the one hand, a narrow conductor can be achieved with 
simple technical means. On the other hand, a narrower conductor reduces the conductor 
capacitance, and thus ultimately improves the parameters of the semiconductor component. 

A favorable variant for structuring the resin mask is to structure the resin mask by means 
of a dry etching process. 

In the dry etching process, the gases SF6 ? HBr, or He/O^ can be used. A straight or 
diagonal etching profile is used according to the etching gas. 

To avoid chemical effects between the different materials, it is preferable to deposit a 
liner onto the surfaces to come in contact with the contact material before introducing the contact 
material . 

Ti or Ti/TiN represents a favorable material for such a liner. 
Preferably, tungsten can be used as the contact material. 
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In another configuration of the method, the contact material and the resin mask are 
realized via a CMP process (chemical-mechanical polishing process). 

Normally, in a semiconductor component^ several regions contact the semiconductor 
substrate, for example, the source and drain in a MOS transistor. For this reason, a second 
contact hole, up to a second contact surface, to be contacted is formed in a similar way together 
with the first contact hole. 

This first contact hole can then be used for an outer electrical connection in two 
possibilities. First, a second conductor, which is insulated from the first conductor and which is 
connected to the contact material in the second contact hole, is formed in the insulating layer- 
Second, the contact material of the second contact hol e can be connected in another 
conduction plane to a second conductor. 

Especially for forming the contacts of transistors and cell transistors in memory cells, it is 
necessary to contact the gate of the transistor. Gates are usually composed of a stack of several 
layers. Thus, one configuration of the method is characterized in that a layer stack, at least 
composed of a gate ox ide and a cover, is deposited onto the surface of the substrate. For forming 
contacts to the gate oxide, a third contact hole is formed for the gate oxide, such that the first, or 
the first and the second, contact hole is selectively etched up to the cover and filled and covered 
after their formation with an auxiliary material. Then the cover is etched up to the gate oxide and 
the auxiliary material is removed. Then the same method is performed for the third contact hole 
as for the first or the first and the second contact hole starting with the filling and coating with 
ARC material. 

For the third contact hole, there are also two possibilities for a connection to the outside. 

First, a third conductor, which is insulated from the first conductor or from the first and 
the second conductor and which is connected to the contact material in the third contact hole, is 
formed in the insulating layer. 

Second, it is possible to connect the contact material of the third contact hole in another 
conduction plane with a third conductor. 

It is especially preferable that the auxiliary material be composed from photoresist. 

In this way, it can be an advantage to deposit an ARC layer under the photoresist in order 
to simplify the removal of the photoresist. 

The invention will be explained in more detail in the following with reference to an 
embodiment. 

Shown in the associated drawings are: 

Figure 1, a cross section through a semiconductor substrate after coating with the 
insulating layer and the resin mask, 
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Figure 2 3 a cross section through a semiconductor substrate after exposure and 
development of a first photoresist mask, 

Figure 3, a cross section through a semiconductor substrate after the first structuring of 
the resin mask, 

Figure 4, a cross section through a semiconductor substrate after an etching step for 
fabricating a first and second contact hole, 

Figure 5, a cross section through a semiconductor substrate after exposure with an 
auxiliary layer. 

Figure 6, a cross section through a semiconductor substrate after completi on of the third 
contact hole, 

Figure 7, a cross section through a semiconductor substrate after ARC exposure and with 
a structured second photoresist mask, 

Figure 8, a cross section through a semiconductor substrate after the structuring of the 
second photoresist mask. 

Figure 9, a cross section through a semiconductor substrate after etching of the insulating 
layer up to the conduction plane, 

Figure 10 = a cross section through a semiconductor substrate after filling with contact 
material, and 

Figure 1 lj a cross section through a semiconductor substrate after removal of the contact 
material and the resin mask up to the top side of the insulating layer. 

The figures represent progressive processing steps and are described in the following in 
the sequence of Figures 1 to 1 1 . 

First, an insulating layer 2 is deposited onto the semiconductor substrate 1 in the forcn of 
a TEOS layer. A resin mask 3 made from polycrystalline silicon is deposited onto this layer. 

As shown in Figure 2, CT lithography (contact-to-transistor lithography) is then 
performed, i.e., in this lithographic step, the first contact hole 4 for the CB contact, the second 
contact hole 5 for the CD contact, and the third contact hole 6 for the CG contact are formed. For 
this purpose, first a first photoresist mask 7 is exposed to light. After the lacquer develops, which 
is shown in Figure 3, the resin mask 3 is opened by means of a dry etching process, wherein the 
gases SF6, HBr, Cl 2? and/or He/0 2 can be used. Especially through these etching gases or etching 
gas combinations, the otherwise necessary etching processes specific to the insulating layer 2 
lying underneath is ensured. 

According to the dry etching process that is applied, either a straight or a diagonal etching 
profile can be set for the resin mask 3. The contact hole dimensions can be reduced with the aid 
of the diagonal etching profile. A different or additional possibility for reducing the contact hole 
dimensions is to introduce an ARC layer, which is not shown in more detail, between the first 
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photoresist mask 7 and the resin mask 3, The thickness of this ARC layer can lie on the order of 
magnitude of the thickness of the resin mask 3, After etching this ARC layer, the etching of the 
resin mask 3 is then performed. This etching step must be performed again, specific to the 
insulating layer 2. Here, it is also possibte with the use of a corresponding etching chemical 
reaction to etch the ARC layer diagonally. The diagonal etching edges, a so-called taper, reduce 
the exposed region of the insulating layer 2, which similarly achieves a reducti on of the contact 
hole structures, as described above. 

Then the photoresist mask 7 is removed. Now, the CT etching (contact-to-transistor 
etching) can be performed without negative effects to the photoresist mask 7, as shown in Figure 
4, 

The third contact hole 6 is used for fabricating the CG contact. The gate 8 is composed of 
a layer stack made from a gate oxide 9 and a nitride cap 10 arranged on this gate oxide. Because 
the CT etching is first performed selectively with respect to the nitride, only the first 4 and 
second contact holes 5 are opened. Then the CG lithography (contact-to-gate lithography) is 
performed. Here, the first 4 and the second contact holes 5 are filled and covered after their 
formation with an auxiliary material 11, which is formed by a photoresist lacquer. With the aid 
of an etching process, unselectively with respect to nitride, the nitride cap 1 0 is etched up to the 
gate oxide 9, and thus the third contact hole 6 is opened up to the gate oxide 9. This is shown in 
Figure 6. 

After the photoresist lacquer 1 1 as the auxiliary material has been removed, the first, 
second, and third contact holes 4. 5, and 6 are filled and covered with, an ARC material 12. Then 
a second photoresist mask 13 with the structure of the conductors to be fabricated is formed on 
the surface of the ARC material 12. Then the resin mask 3 is structured with the second 
photoresist mask 1 3 7 as shown in Figure 8. Here, the layer made from ARC material 12 is 
initially opened with a dry etching process. To prevent the possibility of so-called "fence" 
formation, a recess-processing step can also be performed with the ARC material 12. 

With a suitable dry etching process for the polycrystalline resin mask 3 ? e.g., under the 
use of a SFft-based chemical reaction, etching profiles can be realized in the resin mask 3. 
According to the etching process and thickness of the resin mask 3 ? different positive angles can 
be set in the etching profile. In this way. the width of the conductors to be formed can be 
considerably narrower. In this way, the etching of the conductor width, which is reduced relative 
to the standard process (without resin mask), is performed. This is shown in Figure 9, although 
without the diagonal etching profile. 

Another possibility for reducing the conductor width is to create diagonal edges, thus 
again a taper, with the ARC material 12 in a way not described in more detail for the etching of 
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the layer made from ARC material 12 with a suitable etching material, by means of which a 
smaller width of the conductor trench 14 and thus the conductor to be fabricated is achieved. 

With the second photoresist mask* conductor trenches 14 are then etched up to a 
conduction plane 15. 

The second photoresist mask 13 is again removed after the structuring of the conductor 
trenches 14, During this etching, the nitride cap 10 of the layer stack of the gate 8 is protected by 
the ARC material 12. 

After the conductor trenches 1 4 have been formed, a liner made from TiN or Ti/TiN is 
deposited and then filled with contact material 16 made from tungsten, as shown in Figure 10. 

As shown in Figure 1 1 , a tungsten CMP process follows, which essentially consists of 
two partial steps. First the classic tungsten CMP process is performed. Then the resin mask CMP 
processing step, which removes the resin mask 3, is performed. For this type of resin mask 
removal, no additional processing step is necessary; instead, the removal is performed within the 
standard CMP process. 

List of reference symbols 



1 


Semiconductor substrate 


2 


Insulating layer 


3 


Resin mask 


4 


First contact hole 


5 


Second contact hole 


6 


Third contact hole 


7 


First photoresist mask 


8 


Gate 


9 


Gate oxide 


10 


Nitride cap 


U 


Photoresist lacquer as auxiliary material 


12 


ARC material 


13 


Second photoresist mask 


14 


Conductor trench 


15 


Conduction plane 


16 


Contact material 



Claims 

1. Method for fabricati ng contacts to parts of a component integrated into a 
semiconductor substrate, in which 
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the semiconductor substrate (1) is provided with an insulating layer (2), in which a first 
contact is to be formed by means of a first contact hole (4) f which is filled with a contact material 



the insulating layer (2) is provided with a resin mask (3), in which an opening to the 
insulating layer (2) is created for the formation of the first contact hole (4), 

the first contact hole (4) is etched up to the first surface to be contacted, 
the first contact hole (4) is filled with a contact material (16) ? and 

a first conductor connected to the contact material (16) is formed in a conduction plane, 
characterized in that before filling the first contact hole (4) with contact material (16), 

the first contact hole (4) is filled with an ARC material (12) (ARC = anti-reflection coating) and 

the surface of the resin mask (3) is provided with an ARC layer (12), 

on the ARC layer (12) a photoresist mask (13) is deposited with the structure of the 

conductor, 

the parts of the ARC layer (12) not covered by the photoresist mask (13) are removed 
together with the parts of the resin mask (3) located partiall y underneath this layer, 

the parts of the insulating layer (2) not covered by the photoresist mask (13) are removed 
as the conductor trench (14) up to the leveL of the conduction plane (15), 

the ARC filling (12) in the first contact hole (4) is removed, 

the first contact hole (4) is filled together with the conductor trench (14) with contact 
material (16), and finally, 

the contact material (16) and the resin mask (3) are removed at least up to the surface of 
the insulating layer (2), 

2. Method according to Claim 1, characterized in that the photoresist mask (13) is 
removed together with the ARC filling ( 1 2). 

3. Method according to Claim L characterized in that the photoresist mask (13) is 
removed immediately after the structuring of the resin mask (3) with the structure of the 
conductor. 

4. Method according to Claim ^characterized in that the photoresist mask (13) is 
removed together with or immediately before the resin mask (3). 

5. Method according to one of Claims 1 -4, characterized in that a mask made from 
polycrystalline silicon is used as the resin mask (3). 

6. Method according to one of Claims 1 -5, characterized in that the resin mask (3) is 
structured by a diagonal etching profile. 

7. Method according to one of Claims 1-6, characterized in that the resin mask (3) is 
structured by means of a dry etching process. 
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